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(54) Control of hydraulic booms 

(57) Automatic electronic control 
means are for the movement of 
hydraulic boom(s) or e.g. in tunnel- 
boring and road-header machines. The 
automatic boom control is in 



accordance with stored information 
relating to a desired path of boom 
movement by means of hydraulic 
control valves connected in the 
hydraulic control circuit of the boom 
and uses feedback control. 

The boom includes a turret 
rotatable about a vertical axis, and a 
jib mounted on the turret for rotation 
about a horizontal axis. Two 
mechanically operated hydraulic 
control valves are connected in the 
hydraulic control circuit for the 
independent control of the 
* movements of the turret and jib, and 
further mechanically operated control 
valve(s) control their speed of 
movement about their respective axis. 




The drawings originally filed were informal and the print here reproduced is taken from a later filed formal copy. 



SPECIFICATION , - 

improvements iit or relating to the control of 
hydraulic booms 



This invention relates to the control of 
B hydraulic all-actuated booms particularly In 
5 tunnel-boring or cutting machines and so-called 
"road header" machines. 

luch machines typically 
hydraulic booms mounted on a mobile carriage. 
, o The or each boom carries at its free end a to my 

mounted on the carriage to provide at least two 
degrees of freedom for the movement _of the 
cutt ng head. This is normally achieved by a boom 
, r Uprising a first boom portion pivotable relative 
1 5 roThe carriage about a first axis, e.g. a turret 
rentable about the vertical axis, and a second 
CpoSvotabie re.afive to the fmgg 
about a second axis perpendicular to the first axis, 
20 e g. a lib pivotable relative to the turret about a 

boom about their respective axes is effected-by 
hydraulic cylinders or rams usually under the 
25 direct control of a joystick. In the case of a 
mnitinle boom machine, sach boom is 
SSSS controlled by a separate joyst.ck. In 
twin-boom machines, the two booms are 
mounted at the front on either side of the carriage 
30 and project forwardly therefrom. In operation to 
S a Tunnel section in a rock face for example the 
So booms are moved side-by-side to a central 
sTraight-ahead position.The carriage is then 
inched forward with the booms f ixed and the 
35 utttg Eds rotating such MJta WQjaa* 
are embedded to the required depth in the rocK 
fece This operation is called "sump.ng in . The 
mach ne is then stabilisedfor example by 
Mraultcally operated legs, and the then 
40 manipulates the two booms using the joystick 
controls to cause the two cutting heads to 
Srme desired cutting paths to cut ta itunne 
Sonln *e rockface to a depth of the original 

50- oooms while the otheris held ^ outol *e 
way. An operatorwill usually repeat substantially 
me same boom movements in cutting each 
Se t:^^ - above kind suffer 
55 from a number of drawbacks, particularly arising 
rom the manual control thereof. During 
operation, the operator will often not b .able > to 
observe the rockface clearly due to dus clouds 
which must be allowed to settle to enabte 
60 periodic inspection of the rockface , and to 

relatively remote position * 0T ^MS<>™™™ 
operator well behind the cutting i booms ™ her ; 
tha working environment of such machines e.g. in 
a hot coal mine, is not conducive to the 



65 considerable powers of concentration required to 
con? ol two independently operating boon^s. 

During cutting, the operator must ensure .as tar 
as Se is able tha? the reaction forces iresuthng 
from me applied cutting the 
70 booms are substantially symmetrical l to re 

75 of time during any working shift that he is actua. y 

which enables at least some of the above 
80 disadvantages to be overcome or at least 

^cX^^ 
electron c control means for a hydraulic boom 

on Preferably the said mechanically operated 

95 pivoSly mounted on a support for^don about 
o firct axis and a second portion pivoxany 
mou t" on the first portion for rotation about a 

SoKtal axis. The hydraulic control wajjr 
me boom may include means 
controlling the pivotal 

^include two -"-^^*gff 
hs respective axis. One or more further 

to .a* of *, 

determined by the extent of movement of the 
camshaft in the relevant directon. 
The control means may be adapted for 



ordinated control of two or more booms for 
example in a multiple-boom road-header or tunnel 
cutting machine. In such a system, the stored 
information may comprise information relating to 
5 the desired paths of movement of each boom, and 
preferably also the desired relative positions of 
the booms or of pairs of booms, during such 
movements. 

The control means may also include means for 
10 monitoring the positions of the or each boom, and 
feed-back means for comparing the actual 
position of the boom(s), as sensed by said 
monitoring means, with the desired position of 
the booms as determined by the stored 
1 5 information, whereby to control the movement of 
the boom(s) to maintain correspondence between 
the actual and desired boom positions. 

The control means may also include means for 
deriving said stored information by monitoring the 
20 movements of the boom(s) during a "teaching 
run'-' and storing information relating to the boom 
positions during the teaching run. The boom(s) 
may thus be controlled to repeat a desired 
cutting path selected by the operator during the 
25 teaching run. In a multiple boom machine, two or 
more booms may be automatically controlled 
from stored information derived from a teaching 
run using only one boom. For example, a pair of 
booms may be made to follow mirror image paths 
30 using information derived from the teaching run 
using only one boom. This has advantages in 
maintaining symmetrica! reactive forces during a 
cutting operation for example. 

The above and other features and advantages 
35 of the present invention will become apparent 
from the following description of a control means 
in accordance with the invention for use in a twin- 
boom road header machine, given byway of 
example only, with reference to the 
40 accompanying drawings, in which: 

Figure 1 is a schematic plan view of a twin- 
boom road header machine; 

Figure 2 is a schematic elevational view of part 
of the road-header machine shown in Figure 1 ; 
45 Figure 3 is.a schematic diagram of part of a 
hydraulic circuit for controlling a hydraulic boom 
by control means in accordance with the present 
invention; 

Figure 4 is a cam diagram illustrating the 
50 operation of part of the control means in 
accordance with the present invention; and 

Figure 5 is a schematic block diagram of a 
control means in accordance with the present 
invention. 

55 With reference to the drawings, Figures 1 and 
2 schematically illustrate a twin boom road- 
header or tunnel-cutting machine comprising a 
chassis or carriage 1 which can be driven at slow 
speed on wheels (not shown) and which also 

60 incorporates at each corner a hydrauiically 

operated stabilising leg (not shown) by means of 
which the machine can be stably supported on 
even or uneven ground during cutting operations, 
Mounted towards the front, and on either side 

65 of the carriage 1 is one of a pair of identical 



booms 2, 3 each of which comprises a turret 4 
and a jib 5. 

Each of the boom turrets 4 is pivotally 
mounted on the carriage for pivotal movement 
70 about a vertical axis 6 under the control of a pair 
of opposed or push-pull hydraulic rams 8, 9. Each 
of the boom jibs 5 is pivotally supported on its 
turret 4 for pivotal movement about a horizontal 
axis 7 under the control of a pair of double-acting 
75 hydraulic rams 10, 11. 

Projecting from the free end of each boom jid 
5 is a power-driven rotary rock-cutting head 1 3. 

Independent manual control of each of the 
booms 2, 3 is effected by separate joystick 
80 controls from a central position 1 4. In known 
manner, sideways movement of a joystick will 
actuate the hydraulic rams 8, 9 of the associated 
boom to cause the turret 4 to rotate in the 
direction corresponding to the direction of 
85 sideways movement of the joystick, while vertical 
movement of the joystick will actuate the rams 
1 0, 11 of the associated boom to raise or lower 
the jib 5. Intermediate positions of the joystick 
produce simultaneous pivoting of both turret and 
90 jib to produce movement of the cutting head in a 
"diagonal" direction corresponding to the positron 
of the joystick. 

As a preferred feature, material removed from 
the rock face during a cutting operation 
95 {described earlier) is cleared by means of a 

conveyor 1 5 passing centrally between the two 
booms 2, 3. . . 

Figure 3 shows part of the hydraulic circuit for 
controlling the movements of one boom about 
1 00 one of its axes in accordance with the invention. 
For the purposes of this description, reference will 
be made to the hydraulic circuit controlling the 
rotation of the turret portion 4 of one of the 
booms. The corresponding circuit for controlling 
1 05 the up/down movement of the jib portion 5 is 
substantially identical. Thus, the control system 
includes for such circuits one for each axis of 
movement of each of the two booms. 

As shown, the circuit comprises a flow-divider 
110 20 with five pumps P1 to P5 whose inputs are 
each connected to a common source (not shown) 
of hydraulic fluid. Two of the pumps P 1 , P 2 each 
have a fixed capacity representing, e.g. 2-1/4 
units of hydraulic power and their outputs are 
1 1 5 connected together into a common line 21 which 
provides the input to a pressure relief unit 22. 
Within the unit 22, the line 21 divides into two 
lines 23, 24, the first of which is connected via a 
pair of series-connected non-return valves V1 , V2 
1 20 to the input line 25 of a pressure-controlled shut- 
off valve 0X1. 

The other line 24 is connected to a central fluid 
reservoir via a pressure control valve 26 which is 
actuated via a pilot line 28 by the pressure in line 
125 23 between the two non-return valves V1 , V2. 
Thus when pressure in line 23 exceeds a 
predetermined value, which will occur when value 
0X1 is closed, valve 26 opens to relieve 
the pressure to an acceptable level. 
130 The three remaining pumps P3, P4, P5 of the 



flow divider 20 each have a flow capacity 
representing, e.g. 1/2 unit of hydraulic power. The 
outputs of pumps P3 and P4 are each connected 
in lines 31 , 32 through respective cam-operated 
5 shut-off valves CV3, CV4 to the input line 25 of 
the valve 0X1 . Closure of either of valves 
CV3 CV4 forces the hydraulic fluid from their 
respective pumps P3, P4 along by-pass tines 
35 36 via respective non-return valves V3, V4 
i 0 and into the output line 30 from shut-off valve 
0X1 The output of pump P5 is connected directly 
to the output line 30 of valve 0X1 which is 
pressure-controlled via a pilot line 39. 
The part of the hydraulic circuit so far 
1 5 described controls the power applied to the 
hydraulic rams 8, 9 via output line 30. 

The hydraulic circuit of Figure 3 also includes a 
part for controlling the direction of movement, left 
or right of the turret 4 under the control of the 
20 rams 8, 9 powered by the first part of the circuit. 
This part of the circuit shown in the right-hand 
side of Figure 3, is powered from a separate 
source (not shown) via an input line 40 which 
divides into five pipe-lines 41 to 45. One of these 
25 lines 41 is connected to the input of a manually 
controlled master switch-over valve 0X2 for 
switching the boom control between "manual 
and "electronic". The output of valve 0X2 
comprises a pilot control line 47. 
30 Two others, lines 42, 43 are connected to 
ports of respective manually operated two-way 
directional flow control valves MV1 , MV2. A 
second port of each of these valves MV1 MV2 is 
connected to the central fluid reservoir while a 
35 third port of each is connected via lines 49, 50 to 
respective ports of a pair of Pressure-controlled 
valves 0V1 , 0V2. Each of the valves MV1, MV2 is 
also affected by the pressure in lines 49, 50 via 
respective pilot control lines 51,52 which 
40 pressure control opposes the manual control. 

A second port of each of the valves OV1 , 0V2 
is connected to a respective output pilot control 
line OP 1 , 0P2 while a third port of each is 
connected via line 53, 54 to a port of -a 'respective 
45 one of a pair of cam-actuated valves CV1 CV2. A 
second port of each of these valves CV 1 , CV2 is 
connected to the central fluid reservoir via lines 
55 56 and a third port of each is connected to a 
respective one of the two lines 44, 45 connected 
50 to the input line 40. 

Each of the valves OV 1 , 0V2 is pressure- 
controlled via pilot control line 58, 59 which each 
communicate with the output 47 of the master 
switchover valve 0X2 as does the pilot control 
55 line 39 for the valve 0X1 . The output pilot line 47 
from valve 0X2 is also connected, via output pilot 
line 48 to the pilot control lines of corresponding 
valves (0X1 , 0V1 and OV2) of the other identical 
circuits in the machine. Thus valve 0X2 provides 
60 simultaneous switch-over from manual to 
electronic control for both booms. 

Output pilot control lines OP 1 , 0P2 control the 
direction of movement, left or right of the turret 
by providing servo control to a spool valve (not 
65 shown) through which the power output from ne 



30 is applied to the hydraulic rams 8, 9 in known 

m8 As shown, the circuit is set for manual control 
in which the master valve 0X2 is closed such that 
70 there is no pressure in pilot line 47 and 

communicating pilot lines 39, 58 and 59, as well 
as in the corresponding pilot lines of the other 
three identical circuits of the machine via pilot 
output line 48. 
75 In this manual mode, valves 0X1 , CV1 and 
CV4 are open, and the power flow provided at 
output 30 is provided by all five pumps P1 to P5 
providing a maximum power output of 6 units ot 
hydraulic power. In this mode, the operation of 
80 the left-hand side of the control circuit is entirely 
conventional, corresponding to a conventional 
system having a first pump of 5-1/2 power units 
capacity delivering power to output line 30 via the 
pressure relief unit and a second pump ot l/Z 
85 power unit delivered direct to the output 30. 
The operation of the right hand part of the 
' Fiqure 3 circuit is also conventional in the manual 
mode, corresponding to a circuit comprising only 
manually operated valve MV1 , MV2 coupled 
90 din3Ctlytooutputpifotnnes0P1,0P2respe^ 
valves MV1, MV2 in this mode being selectively 
operated to control the direction of movement of . 
the boom turret 4 under joystick control, in known 

95 Additional valves CV1 to CV3 and 0V1 , 0V2 
are provided for the purposes of an electronic 
control mode selected by opening the master 
switch-over valves 0X2. This pressurises the p. ot 
line 47 feeding pilot lin.es 39, 48 and 59 and via 
100 output line 78 the corresponding pilot lines of the 
three other identical circuits. Pressure in these 
pHot lines causes 0X1 to shut off thereby in.tiaUy 
reducing the power available through output 30 
to half a unit from pump P5, up to a maximum of 
1 05 1-1/2 units by selective actuation of cam- 
operated, valves CV3, CV4 to force flow from 
pumps P3, P4 via by-pass lines 35 and 36 to 
output 30. This enables the power output 
pressure to be increased in steps of 1/2 unit up to 
110 the maximum of 1 -1/2 units. 

Actuation of valve 0X2 also actuates valves 
0V1 , 0V2 via pilot lines 58, 59 thereby cutting 
out the manual control valves MV1 , MV2 and 
simultaneously bringing in the cam-operated 
1 1 5 valves CV1 , CV2 in their place. Valves Cvi , CV/ 
thus control the interconnection of the pressure of 
input lines 40 to the respective output pilot lines 
OPT OP2 via valves OVI. 0V2 in substantially 
the same manner as the valves MV1 , MV2 do 
1 20 when in the manual mode, the difference being 
that valves CV1 , CV2 are cam-operated. 
- It will thus be appreciated that in this 
electronic mode, selective actuation °f the four 
cam-operated valves CV1 to CV4 can be used to 
1 25 control the direction and speed of movement ot 
the boom turret 4 about the vertical axis. 

These four valves CV1 to CV4 are mechan.cally 
actuated in accordance with the invention 
through cam followers by means of a set of tour 
1 30 cams CAM 1 to CAM4 fixed on a common 



camshaft together with a spring biased return 
cam CAM 5. The operation of these cams is 
schematically illustrated in the cam diagram of 
Figure 4 which is largely self-explanatory. 
* In the central OFF position of the camshaft, all 
four valves CV1 to CV4 are in the states shown in 
Fiqure 3. Clockwise rotation of the camshaft from 
the central OFF position (0°) to the +40° posriJon 
causes CAM1 to actuate valve CV1 causing the 
1 o boom to rotate to the left, powered by the 1/2 
unit (1/3 maximum power) power output of the 
Dump P5. Continued rotation of the cam to the 
+80° position causes CAM3 to actuate (close) 
valve CV3 adding a further 1/2 unit of power from 
1 5 pump P3 to output 30 to provide 2/3 maximum 
power to the hydraulic rams 8, 9. Further 
movement to the +120° limit causes CAM4 to 
actuate (close) valve CV4 adding a final 1/2 unit 
• of power from pump P4 to output 30 giving a 
20 maximum of 1 -1/2 units of power for rama .8/ 3. 
Correspondingly, operation of the circuit on 
rotation of the camshaft in an anti-clockwise 
direction from the OFF position is identic al, with 
the exception that CV2 is operated instead of XVI 
25 causing the boom to rotate left, instead of right. 
Upon failure of the camshaft drive, the 
camshaft automatically returns to the safe zero 
position under the influence of the spring-biased 
return cam CAM 5 arresting movement of the 
30 boom. Mechanical operation of the boom control 
valves CV1 to CV4in this manner under the 
control of an electronically controlled drive motor 
is considerably safer and more reliable than using 
equivalent solenoid-operated control valves. 
35 As already explained, each of the two axes of 
movement of each of the two booms of the 
' machine is controlled by an identical control 
circuit, and the four cam shafts which control 
these four circuits are controlled from a micro- 
40 processor control unit, the operation of which will 
now be described with reference to Figure 5. 

The microprocessor control unit includes a 
control panel 60 which has a two-way interface 
with a central microprocessor control circuit 61 . 
45 This circuit 61 is connected to receive input 
signals from a pair of motor power monitors 
62 63 which provide information on the power 
being consumed by each of the motors driving the 
rotarV cutting heads 1 3 on the end of each boom 
50 2 3; and input signals from each of four boom 
position sensors 65, 66, 67,68 providing 
information on the position of each boom. These 
sensors comprise for each boom one sensor 
65, 67 which measures the relative displacement 
55 between the turret 4 and the carriage 1 , and one 
sensor 66, 68 which measures the relative 
displacement between the jib 5 and the turret 4. 
In the present embodiment, the sensors measure 
the extension of one or both of the relevant 

60 hydraulic rams 8, 9; 10, 11. 

The control circuit 61 has four outputs 73 to 

76 providing output signals for controlling each of 
the four camshafts associated with four 
identical hydraulic boom control circuits (Figure 
65 3) These signals control the direction and extent 



of movement of each of the camshafts via an 
electric motor (not shown) to provide the 
necessary movement control of both booms. 
The control panel 60, which may be used on an 
70 umbilical if required or located in toe control 
position Uofthe machine, includes two sets of 
pushbuttons with LED (light emitting diode) 
indicators 69, and two spring-centred joysticks, 
70 71 each 8-way and centre 'off. 
75 The first row of pushbuttons is used to select 
75 one of four mutually exclusive electronic control 
modes labelled "MANUAL", LEARN 
(corresponding to the teaching runs referred to 
above), "HOME" and "RUN", while the second 
80 row is used to select one of three mutually 

exclusive coupling modes for the booms labelled 
^EFT-HAND MASTER", "INDEPENDENT and 
"RIGHT-HAND MASTER". 

Salectionofeitherthe "MANUAL" or.LEARN 
85 pushbuttion in combination with any of the three 
coupling modes enables the booms to be 
"manually" controlled by means of toe joystick 
controls 70, 71 via the control circuit 61 



In the cardinal joystick positions, with the 
90 INDEPENDENT MODE selected; the aPP r °P"™ 
9 camshafts are rotated under the control output 
signals 73 to 74 of the circuit 61 to produce 
corresponding simple left/right or up/down 
movement of the associated boom. For exa mple, 
95 in the simple right (or left) position of the left- 
hand joystick 70, a signal from output 73 of the 
circui 61 will cause the camshaft controlling the 
axis of movement of the left-hand boom to rotate 
to theTl20° (-120°) position (Figure 4) causing 
,00 tneb e oo + m to move left (or right) at a feed cutting 
speed represented by maximum (1-1/2 units) 

P ° Tntoe intermediate "45°" positions of the 
joysticks, signals will appear at both 
105 outputs 73, 74 of circuit 61 causing the 
associated camshaft to rotate to their +BU 
positions at which the flow to each ram is 
restricted to 2/3 maximum power (-1 un t] I such 
that the resultant speed of movement of trie 
1 10 boom Is substantially the same as for simple 
up/down or left/right movement The boom will 
move diagonally upwards and to the nght. 

In the central OFF position of the joysticks, the 
direct manual control of the machine can be 
1 1 5 made to function to provide rapid boom 
positioning since more hydraulic power is 
available In this fully manual mode. 

ThuTselection of the INDEPENDENT mode 
enables both booms to be independently 
120 controlled by the two joysticks 70, 71. in eithe of 
the LEFT or RIGHTHAND Master modes ; one of the 
booms is selected as the "master a nd the 
joystick control for the other boom is disabled. 
Under single joystick control of the: selected 
1 25 "master" boom, the other "slave" boom moving 
at "normal" cutting speed, mirrors the _ 
movements of the master boom by taking up a 
mirror image position. . „ 

Thus, both booms are driven mirror-w.se off a 



single joystick until the INDEPENDENT coupling 

^SSSSS&m. from the MANUAL 
J, 3 during the LEARN mode, Information 
5 received from the boom position sensors 65 to 68 
5 s stored within the control unit 61 to provide a 
memorised record of the paths of movement and 
relative positions of each of the two boom* 
occurring whether under atocW^oyJ* 
10 control or rapid direct manual control dunng the 
LEARN mode. Before switching to the LEARN 
mode however, the booms are normally moved 
to an initial starting or HOME position, (wf^ch is , 

usually a 't^^^^lt^SS^ 
1 5 normal sumping-up position using the MANUAL 

°°tClKrN mode is then selected and the 
positions at which the b^oms stand on selection 

of this mode are recorded as their HOME 
20 positions. The operator then controls the 
movements of the boom using the joysticks 
70, 71 in any one or a sequential 
combination of the. three coupling modes as 
well as direct high-speed manual control if 
25 desired, to follow a desired cutong path. jOn 
completion of this "teaching run -the operator 
may Press eitherthe MANUALor HOME 
pushbuttons. In the latter case, the boo™ will 
automatically return to their recorded PARK 
,n positions and this movement home will be 
30 recorded as part of the information learned in the 
LEARN mode, i.e. teaching run. 

The RUN mode can only be entered from the 
PARK mode, i.e. to ensure that the booms are 
35 correctly positioned at their stating points 
35 whereupon the learned sequence of movements 
^ automatically repeated at the maximu* speed 
(within the constraints of the limited P°^ er 
available during "electronic" ^^SST 
40 with maintaining the samerelative 

the booms as when the sequence was entered n 
the LEARN mode. Thus, during the RUN moae, ine 
actual and relative positions of the two booties 
detected by the real-time signals received from 
45 Se sensors 65 to 68 are continuous y compared 
45 with the stored information relating to the 

desired paths of the booms, and if a discrepancy 
artees for example when one of the booms is 
slowed by hard rock, the otherboom will be 
50 slowed J maintain the desired relative positions. 
This is achieved by causing the relevant 
chamsnaft(s) to rotate back to a position in wh.ch 
edu^^^ 

concerned. In addition, the power consumed by 
as either one of the cutting head drive motors^as 
sensed by toe sensors 62, 63 the relevant boom 
h fs^eddown in the same way until the power 
consumed by the motor is reduced to an 

60 ^f dining ttw LEARN mode both booms are ,eft 
stationary for example, while the operator ,s 
deciding on his next cut, or is waiting for dust to 
IS This will not result in any delay dunng the 
RUN mode. However, if during the LEARN mode, 

65 one boom is parked or held stationary while the 



other boom is moved in the INDEPENDENT mode, 
e.g. to remove material in the central boom 
overlap region, this will of course be repeated 
during the RUN mode. The RUN mode can , at any 
70 time be terminated by entering MANUAL or 
HOME modes, but can then only be re-entered 
from the HOME positions. 

It should be noted that the boom coupling 
mode is only important when in the MANUAL or 
75 LEARN modes. The LED's for this i mode .are 

therefore extinguished when in the HOME or RUN 

m0 Should the memory capacity of the circuit 61 
be exceeded during the LEARN mode the 
80 MANUAL mode will be automatically re-entered 
The fast movement capability under power of 
the pumps P1 and P2 is only availab e o course . 
via the direct manual Joystick controls of the 
machine, and is not accessible for contro via the 
85 electronic control circuit of Figure 5. As already 
explained/if direct manual control is used dur ng 
the LEARN mode, the path will be y™"*"** 
but can only be repeated at normal cutting speed 
during the RUN mode. 
90 An important advantage of tta » P«£«* 
embodiment of the invention is that the entire 
system Taj be interposed between the hydraulic 
cEy and joysticks of an already existing road- 
headen machine. Thus while the invention may 
95 form part of the original equipment of a newly 
manufactured road-header, it may also be added 
to a previously made road-header by relatively 
simple means not involving any appreciable or 
drastic modification of the hydraulics of the 
100 existing machine. 



Automatic electronic control means for a 
hydrauHc boom whichincludes a hydraulic control 
drcuit the said electronic control means includ tag 

10 path of movement of the boom, and means for 
automatically controlling the movement of the 
SI accordance with the stored information 
£ means of mechanically operated hydraulic 

1 1 0 control valves connected in use in the said 
hvdraulic control circuit of the boom. 

2 Means according to claim 1 , wherein *e 
said mechanically operated hydraulic control 
valves are solenoid-actuated or proportional 

! 1 5 valves controlled by electrical signals from the 

^Tmea'ns according to claim 1 or claim 2 
in combination with a hydraulic boom which 
includes a first portion pivota ly mounted on a 
1 20 support for rotation about a first axis, and a 
second portion pivotally mounted on the first 
portion for rotation about a second axis 
perpendicular to the first. 

4 The combination according to claim 3, 
1 25 wherein the first portion comprises a turret 
pivotable about a vertical axis, and sa. »"" d 
portion comprising a jib portion pivotable relative 
to the turret about a horizontal axis. 

5. The combination according to claim 3 or 4, 
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wherein the said hydraulic control circuit for the 
boom includes means for independently 
controlling the pivotal movements of the first and 
second portions thereof about their respective 
5 axes. 

6. The combination according to claim b, 
wherein the automatic control means includes 
two mechanically operated hydraulic control 
valves connected in the said hydraulic control 

1 0 circuit of the boom for controlling the movements 
of each of the two boom portions, one for each 
direction of movement of that boom portion about 
its respective axis. 

7. The combination according to claim 6, 
15 wherein one or more further mechanically 

operated control valves are included for 
controlling the speed of movement of each boom 
portion about its axis. 

8. The combination according to any of claims 
20 3 to 7, wherein the mechanically operated 

hydraulic control valves for each of the first and 
second portions of the boom are controlled by 
solenoids, or by proportional valves, or are 
controlled by a respective bank of cams mounted 
25 on a common camshaft 

9. The control means or said combination 
according to any preceding claim, wherein the 
control means is adapted for the co-ordinated 
control of two or more booms, for example in a 

30 multiple-boom road-header or tunnel cutting 
machine, and the said stored information 
comprises information relating to the desired 



paths of movement of each boom, and optionally 
also the desired relative positions of the booms or 
35 of pairs of booms, during such movements. 

1 0. The control means or said combination 
according to claim 9, further including means for 
monitoring the positions of the or each boom, and 
feed-back means for comparing the actual 

40 position of the boom(s), as sensed by said 
monitoring means, with the desired position of 
the booms as determined by the stored 
information, whereby to control the movement of 
the boom(s) to maintain correspondence between 

45 the actual and desired boom positions. 

1 1 . The control means or combination 
according to any preceding claim, further 
including means for deriving said stored 
information by monitoring the movements of the 

50 boom(s) during a 'teaching run' and storing 

information relating to the boom positions during 
the teaching run, whereby the boom(s) may be 
controlled to repeat a desired cutting path 
selected by the operator during the teaching run. 

55 12. A combination according to claim 1 1 for 
use with a multiple boom machine, wherein two 
or more booms are automatically controlled from 
stored information derived from a teaching run 
using only one boom. 

60 1 3. The combination according to claim 1 2, 
wherein a pair of booms are made to follow mirror 
image paths using information derived from the 
teaching run using only one boom. 
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